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AUTOMATIC TEST EQUIPMENT FOR CARRIER 

TYPE COMMUNICATION SYSTEMS 
Joseph Maurushat, Jr., Millbum, N.J., assignor to Bell 

Telephone Laboratories, Incorporated, New York, 
N.Y., a corporation of New York 

Filed Dec. 20, 1961, Ser. No. 160,739 
4 Claims. (Cl. 179-175) 

This invention relates to control equipment and in 
particular to equipment which automtically removes a 
carrier~type communication system ‘from service when 
transmission trouble, that adversely affects transmission, 
occurs and automatically returns the system to service 
when the trouble is no longer present. 

It is frequently desirable to automatically remove a 
carrier-type communication system from service when 
transmission trouble that adversely affects service occurs 
and to automatically return the system to service when the 
trouble is corrected. Systems having control equipments 
that perform ‘these functions are disclosed in United States 
Patent No. 2,986,610, issued to J. Maurushat, Jr., on May 
30, 1961, and in application Serial No. 134,683, filed 
jointly by J. Maurushat, Jr., and N. A. Newcll on April 
26, 1960. Each of these equipments relies on super 
visory signaling equipment inherent in the system to ef 
fect testing and signaling between the terminals. Because 
of this, they cannot be ‘used in systems not having super 
visory signaling equipment unless some ‘form of signaling 
equipment is added along with the control equipment. 
Adding such signaling equipment, however, is not always 
desirable from a cost and maintenance standpoint. 
An object of the present invention is to “automatically 

remove a carrier-type communication system from serv 
ice upon the occurrence of transmission trouble that ad 
versely affects service and to automatically return the 
system to service when the trouble is corrected without 
using either supervisory signaling equipment inherent in 
the system or additional signaling equipment. 

This and other objects are achieved in accordance with 
the present invention by removing each terminal of a 
carrier-type transmission system from service when a fail 
ure that adversely affects transmission to that terminal 
occurs, turning each terminal’s carrier wave off and on to 
effect transmission testing and signaling with the other 
terminal and returning both terminals to service upon the 
clearance of the failure. 

In one of the broader aspects of the invention, the car 
rier-frequency currents in the receiving channel of each 
terminal of a carrier~type transmission system are moni 
tored. When the monitored current of a terminal devi 
ates from a predetermined level for a predetermined in 
terval, the terminal is removed from service and its car 
rier wave is interrupted. When, therefore, an adverse 
transmission failure occurs in only one transmission di 
rection, the terminal affect-ed is removed from service 
and has its carrier wave interrupted. This carrier wave 
interruption is recognized by the other terminal as a trans 
mission failure with the result that the other terminal is 
removed from service and produces a carrier wave inter 
ruption. This latter carrier wave interruption is not, 
however, recognized by the ?rst terminal because of the 
failure in transmission in that direction. Simultaneous 
transmission failures in both directions, on the other hand, 
cause both terminals to be removed from service and to 
produce interruptions in their carrier waves. These car 
rier wave interruptions are ineffectual at the opposite ter 
minals because of the loss of transmission between the 
terminals. 

In accordance with the invention, after both of the ter 
minals have been removed from service ‘and they are 
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again producing carrier waves, the carrier ‘wave produced 
by each terminal is momentarily interrupted when the 
monitored current of its terminal is again substantially 
at the predetermined level. When the terminals do not 
include automatic gain controlled (AGC) ampli?ers in 
their receiving channels, the return of a monitored cur 
rent to substantially its predetermined level is indicative 
that its terminal is receiving the other terminal’s carrier 
wave. Most carrier terminals, however, include AGC 
ampli?ers in their receiving channels. When AGC ampli 
?ers are present it is possible for the gain of such an ampli 
?er to increase during the time of a failure to the point 
where carrier-frequency components in the noise, crosstalk 
and other signals in its output are sufiicient to cause the 
monitored current to be at substantially the aforemen 
tioned predetermined level, thereby giving a false indica 
tion that the failure has cleared. In view of ‘this possibility, 
the return of the monitored currents to substantially their 
predetermined levels is not used as an indication that the 
system is ready to be returned to service. 

In further accordance with the invention, each terminal 
produces a second momentary carrier interruption when 
its monitored current decreases from one level to another 
level where one of the levels is substantially the pre— 
viously mentioned predetermined level. These changes 
‘are produced by either the reception of off-on carrier sig 
nals or the re-establishment of the gains of AGC ampli 
?ers after the clearance of transmission failures. In either 
case, such a change is indicative that the terminal is 
ready to be returned to service. The last-produced of 
these second momentary carrier interruptions is there 
fore an indication that the system is ready to be put back 
into service. 

In still further accordance with the invention, each ter 
minal produces a third momentary carrier interruption 
and reconnects the terminal to service when its monitored 
current momentarily decreases. The ?rst terminal to pro 
duce ‘a third momentary carrier interruption and recon 
nect itself to service does so in response to the last-pro 
duced of the second momentary carrier interruptions. 
The third momentary interruption produced by this ter 
minal is received by the other terminal which in turn 
‘produces a third momentary carrier interruption and re 
connects itself to service. This last-produced carrier in 
terruption is received by the other terminal but does not 
affect the operation of the system. The system is now 
back in operation. 
As will become apparent from the following discussion 

relating to an embodiment of ‘the invention, embodi 
ments of the invention respond to failures in either di 
rection of transmission or to failures which occur simul 
taneously in both directions of transmission. Further 
more, these embodiments respond to failures of any 
duration that adversely affect transmission. 

In the drawings: 
FIGS. 1 and 2 illustrate an embodiment of the inven 

tion in block and schematic form; and 
FIG. 3 is a group of curves to facilitate an understand 

in g of the operation of the embodiment of FIGS. 1 and 2. 
Terminals of a carrier-type communications system 

embodying the invention are illustrated, in block and 
schematic form, in FIGS. 1 and 2, respectively. For a 
better understanding of the following description, FIGS. 
1 and 2 may be placed adjacent to one another so that 
FIG. 2 is on the right-hand side of FIG. 1. Furthermore, 
when studying the following description, it should be noted 
that relay contacts are shown in detached form with an 
“X” indicating a “make” contact and a bar indicating a 
“break” contact. The principles of this type of notation 
are described in an article, entitled “An Improved De 
tached-Contact-Type of Schematic Circuit Drawing," by 
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F. T. Meyer in the September 1955 publication of trans 
actions of the American Institute of Electrical Engineers, 
“Communications and Electronics,” volume 74, part I 
pages 505-513. 

SYSTEM DESCRIPTION 

The terminals shown in FIGS. 1 and 2 are identical to 
one another. The terminal of FIG. 1 comprises a tele 
phone system A, a group unit GUI and control equip 
ment, while the terminal of FIG. 2 comprises a tele 
phone system B, a group unit GU2 and control equipment. 
Telephone systems A and B are conventional and may, 
for example, be multichannel arrangements. The various 
circuits of group units GUI and GU2 are also conven 
tional. In view of this, telephone systems A and B and 
the circuits of the group units are shown in block diagram 
form and are not discussed in detail unless considered 
necessary for a better understanding of the invention. 
When operating normally, the output from telephone 

system A is applied to group unit GUI where it modulates 
a carrier wave in a modulator GMI. The output of 
modulator GMI is ampli?ed by an ampli?er TAI and 
transmitted over a transmission line TLl to the terminal 
of FIG. 2. The carrier wave arriving at the terminal of 
FIG. 2 is applied to group unit GU2 where it is ampli?ed 
by an ampli?er RA2 and demodulated by a demodulator 
GDZ. The demodulated output of group unit GU2 
is applied to telephone system B. In a similar manner, 
the output from telephone system B is applied to group 
unit GU2 where it modulates a carrier wave in a modu 
lator GM2. The output from modulator GM2 is am 
pli?ed by an ampli?er TAZ and transmitted over a trans 
mission line TL2 to the terminal of FIG. 1. The carrier 
wave arriving at the terminal of FIG. I is applied to group 
unit GUl where it is ampli?ed by an ampli?er RAI and 
demodulated by a demodulator GDI. The demodulated 
output of group unit GUI is applied to telephone system 
A 

In systems of the above described type, the average 
levels of the carrier waves received at the terminals may 
undergo gradual or slow changes. These changes may 
be produced by gradual changes occuring in the equipment 
as, for example, a change in the transmission line loss 
because of a temperature change. In order to compen 
sate for such changes in the average levels of the received 
carrier waves and thereby maintain normal transmission, 
ampli?ers RAI and RA2 are automatic gain control 
(AGC) ampli?ers. The maximum rates at which the 
gains of these ampli?ers change are, however, relatively 
low so that the ampli?ers compensate for gradual changes 
and not momentary changes of the received carrier waves. 
In typical systems, each of these ampli?ers may require 
at least twenty minutes to change from minimum gain 
to maximum gain. 
The control equipments of the terminals of FIGS. 1 

and 2 are now considered in detail. 
A carrier recti?er CR1 is connected to the output of 

ampli?er RAl while a carrier recti?er CR2 is connected 
to the output of ampli?er RA2. These carrier recti?ers 
are conventional circuits which are provided for selecting, 
rectifying and ?ltering the carrier wave outputs of ampli 
?ers RAI and RAZ. Although the ?rst curve of FIG. 3 
is considered subsequently in discussing the operation of 
the illustrated embodiment when a transmission failure 
occurs, reference to this curve at this time may help in 
understanding the operation of the carrier recti?ers. The 
?rst curve of FIG. 3 represents what happens to the 
direct current (D.C.) voltage output of carrier recti?er 
CR1 when a relatively long time failure in transmission 
from the terminal of FIG. 2 to the terminal of FIG. 1 
occurs. The line curve to the left of, i.e., prior to, time 
t, represents the output level of carrier recti?er CR1 for 
normal transmission. At time t1 a transmission failure 
occurs. Noise, crosstalk and other signals which may be 
present in the ampli?er output and which contain com 
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4 
ponents simulating the carrier wave are still applied to 
carrier recti?er CR1. These components are selected, 
recti?ed and ?ltered by carrier recti?er CR1. Because 
these components are small compared to the carrier wave 
prior to the time of failure, the output of carrier recti 
tier CR1 decreases. Between times t; and t2 (which may 
be as long as twenty minutes), the gain of AGC ampli 
?er RAI is increasing. As the gain of this ampli?er in 
creases, the levels of the noise, crosstalk and other signals 
which may be present in its output also increase with the 
resulting increase in the output of carrier recti?er CR1. 
Between times t2 and t3, the gain of ampli?er RAI is at 
a level where the noise, crosstalk and other signals that 
may be present in the output of the ampli?er are su?icient 
to cause the output of carrier recti?er CR1 to be at the 
level at which it is during normal transmission. At time 
:3 the carrier wave is again received and the output of 
carrier recti?er CR1 increases because of the high gain 
of ampli?er RAl. Between times :3 and t4 the gain of 
ampli?er RAl is automatically readjusting itself for 
normal transmission. Subsequent to time n; the carrier 
wave is momentarily interrupted as part of a signaling 
program, to be described, to put the system back in 
service. 
The output of carrier recti?er CR1 is applied to a 

monitoring circuit M1 while the output of carrier recti~ 
?er CR2 is applied to a monitoring circuit M2. These 
monitoring circuits are identical to circuits disclosed in 
FIGS. 2 and 4 of the previously mentioned Patent 
2,986,610. Because these circuits are described in detail in 
this previously mentioned patent, they are only brie?y dis 
cussed at this time. 
The inputs of the monitoring circuits M1 and M2 

include emitter followers EFI and EF2, respectively, for 
isolation purposes. Emitter follower EFI drives a pair of 
transistor switches T81 and T82 while emitter follower 
EFZ drives a pair of transistor switches TS3 and T54. 
Each of these switches controls a relay. In the terminal 
of FIG. 1 these relays are identi?ed as temporary failure 
relay TF1 and long term failure relay LFI, while in 
the terminal of FIG. 2 they are identi?ed as temporary 
failure relay TF2 and long term failure relay LF2. Each 
of these relays has a break contact 1 in its transistor 
switch circuit to effect an increase in the relay’s holding 
current. The biasing controls of the relay transistor 
switches are adjusted so that when the system is operating 
in a normal manner, temporary failure relays TF1 and 
TF2 are in their released states while long term failure 
relays LFI and LF2 are in their operated states. Tem 
porary failure relays TF1 and TF2 are operated when the 
outputs from their respective carrier recti?ers fall below 
the normal transmission levels while long term failure 
relays LFI and LF2 release when the outputs from their 
respective carrier recti?ers rise above their normal output 
levels. 
The control equipment of the terminal of FIG. 1 

also includes a plurality of relays CA1, A1 through A6 
and T C1. One lead from each of these relays is con 
nected to the negative terminal of a battery source B1 
whose positive terminal is returned to a point of ground 
potential. The remaining lead from each of these relays 
is clrlmnected to ground by way of one or more energizing 
pat s. 

Also connected between the negative terminal of source 
BI and ground of FIG. 1 is an alarm ALI. Alarm ALI 
may include bells, lights or other indicating means. 
The control equipment of FIG. 1 also includes a timing 

circuit T1 and a four-path energizing circuit connected 
between an unillustrated power source and modulator 
GMI. Timing circuit T1 includes a relay D81 and is 
substantially identical to the timing circuits disclosed in 
FIGS. 2 and 4 of the previously mentioned Patent 
2,986,610. Because the timing circuit is fully described 
in this previously mentioned patent, it is not discussed 
in detail herein. 
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The control equipment of the terminal of FIG. 2 is 
identical to that of FIG. 1 and includes relays CA2, A7 
through A12 and TC2, an alarm AL2, a battery source 
B2 for energizing these relays and alarm, a timing circuit 
T1 which includes a relay DS2 and a four-path power 
supply circuit. 

Relays A3 through A6, TC1, A9 through A12 and TC2 
are all slow release relays. The slow release times of re 
lays A5, A6, A11 and A12 are greater than the slow re 
lease times of relays TC1 and TC2, which in turn are 
greater than the slow release times of relays A3, A4, A9 
and A10. 
Under normal operating conditions, the only relays in 

the control equipments that are in operated states are 
relays LFl and LF2. Furthermore, modulators GMI and 
GM2 are energized via path 1 of their respective power 
supply circuits. 
The operation of the control equipments for transmis 

sion failures is now discussed in detail for failures of three 
different durations. 

TRANSMISSION FAILURE OF A FIRST 
DURATION 

Assume that a failure from the terminal of FIG. 2 
to the terminal of FIG. 1 occurs and that this failure lasts 
su?’iciently long for the gain of AGC ampli?er RAl to 
increase to the level where the noise, crosstalk and other 
signals appearing in its output are of su?icient amplitude 
for the output of the carrier recti?er CR1 to be at the 
level at which it is when the system is transmitting in a 
normal manner. The operation of the system, when such 
a failure occurs, is explained in conjunction with the 
various graphs shown in FIG. 3. 
As previously discussed, the uppermost graph in FIG. 3 

represents the output of carrier recti?er CR1 for the 
above described type of failure. Below this graph and in 
time alignment therewith are graphs for each of the re 
lays to illustrate their conditions or states at times corre 
sponding to the output of carrier recti?er CR1. In each 
of the graphs representing the conditions of the relays, the 
line in its uppermost position is an indication that the 
relay is in its operated state while the line in its lower 
most position is an indication that the relay is in its 
released state. Also shown are graphs indicating whether 
or not the modulators are energized. When the lines are 
in their uppermost conditions, the modulators are produc 
ing carrier waves; when the lines are in their lowermost 
conditions, the modulators are not producing carrier 
waves. 

Section 1A 

Prior to time t1 of FIG. 3, the system of FIGS. 1 and 2 
is operating in a normal condition. The output of carrier 
recti?er CR1, as represented by the ?rst graph in FIG. 3, 
is therefore at a normal level. In this condition of opera 
tion, relays LFl and LFZ are in their operated states 
while the remaining relays in the terminals are in their 
released states. Furthermore, at this time modulator 
GMl is energized via path 1 of its power supply circuit 
while modulator GM2 is energized via path 1 of its 
power supply circuit. 
At time t1, a failure in transmission from the terminal 

of FIG. 2 to the terminal of FIG. 1 occurs. When this 
failure occurs, the output of carrier recti?er CR1 falls 
below its normal output level and temporary failure re 
lay TF1 is operated. Relay TF1 make contact 2 in the 
energizing path of carrier alarm relay CA1 is closed and 
relay CA1 is energized. Relays CA1 and CA2 are ther 
mal relays which operate approximately two seconds after 
being energized and release about thirty seconds after be 
ing tie-energized. These relays prohibit the system from 
being removed from service when a failure clears within 
two seconds after it occurs. As the present failure is as 
sumed to be greater than two seconds, relay CA1 operates 
approximately two seconds after being energized and its 
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make contacts 1, 2 and 3 in the primary energizing paths 
of relays Al, A3 and A4, respectively, are closed, thus 
causing these three relays to operate. Once operated, re 
lay Al remains operated because relay CA1 make contact 
1 is closed in its primary energizing path and relay A1 
make contact 2 and relay TF1 make contact 3 are closed 
in its secondary energizing path. 
When relay A1 operates, its early make-break contacts 

EMBI in the primary and secondary energizing paths 
of relay A2 are operated and relay A2 is operated and 
held operated as a result of its primary energizing path be 
ing closed. When relay A2 operates, its early make-break 
contacts EMBI in the primary and secondary energizing 
paths of relay TC1 are operated and relay TC1 is operated 
and held operated via its primary energizing path. Alarm 
AL! is energized when relay TC1 operates. This alarm 
may be turned off by switch ACOl. 

Returning to relay A3, this relay when once operated 
is held operated by its secondary energizing path. In 
particular, early make-break contacts EMBl of relay A3 
are now open in its primary energizing path and closed 
in its secondary energizing path. The secondary energiz 
ing path of relay A3 also includes closed make contact 3 
of relay LF1 and closed make contact 1 of relay TC1 to 
complete the circuit through this path. 

Returning to relay A4, when this relay operates, a pair 
of early make-break contacts EMBl of relay A4 are 
opened in its primary energizing path while closed in its 
secondary energizing path. The secondary energizing 
path of relay A4 also includes a closed make contact 5 
of relay A1 to complete the circuit through this path. 
Relay A4 therefore remains locked in an operated state 
via its secondary energizing path. 
To summarize, two seconds after time t1, relays TF1, 

LFI, CA1, A1, A2, A3, TC1 and A4 are all in operated 
states. 
When relay TC1 is operated and held operated, the 

terminal of FIG. 1 is disconnected from service and made 
to appear busy by the early make-break contacts EMBl 
and EMBZ of relay TC1. Furthermore, when relay A1 
is operated and held operated, its break contact 3 in path 
1 of the power supply circuit is opened so that modulator 
GMl is no longer energized and the carrier produced by 
the terminal of FIG. 1 is cut off. 
When the carrier of the terminal of FIG. 1 is cut off, 

this appears as a failure at the terminal of FIG. 2 and 
relay TF2 is operated. Two seconds after relay TF2 
operates, relay CA2 operates and relays A7 through A10 
and TC2 are caused to operate and remain operated in a 
manner identical to relays A1 through A4 and TC1, re 
spectively, of the terminal of FIG. 1. 
When relay TC2 operates and is held operated, the 

terminal of FIG. 2 is removed from service and made to 
appear busy by its early make-break contacts EMBl and 
EMBZ. The operation of relay A7 opens its break con 
tact 3 in path 1 of the power supply circuit of the termi 
nal of FIG. 2, thus turning off the carrier produced by 
this terminal. Since there is a transmission failure from 
the terminal of FIG. 2 to the terminal of FIG. 1, cutting 
off the carrier at the terminal of FIG. 2 at this time does 
not affect the terminal of FIG. 1. 
At this time, both terminals have been removed from 

service and path 1 of each power supply circuit has been 
opened so that neither modulator is operating. 

Approximately ten seconds after relay CA1 is op 
erated relay D31 is caused to operate. Relay D81 is 
operated by timing circuit T1 whose timing operation is 
initiated by the opening of break contact 4 of relay A2. 
When relay DSl operates, its make contacts 1 and 2 in 
the primary energizing paths of relays A5 and A6, respec 
tively, are closed, thus causing relays A5 and A6 to 
operate. 
The primary energizing path of relay A5 includes a 

break contact While the secondary energizing path in 
cludes a make contact of a pair of early make-break 
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contacts EMBI of relay A5. The secondary energizing 
path of relay A5 also includes a make contact 3 of relay 
A2 which contact is now in a closed state. In view of this, 
when relay A5 is operated, its early make-break contacts 
EMBI cause the primary energizing path of the relay to 
be opened and the secondary energizing path of the relay 
to be closed, thus holding the relay operated by way of 
its secondary energizing path. 

Referring to relay A6, its primary energizing path in 
cludes a break contact while its secondary energizing 
path includes a make contact of a pair of early make 
break contacts EMBI of relay A6. The secondary ener 
gizing path of relay A6 also includes a make contact 5 
of relay TCl which contact is now in a closed state. As 
the result of relay A6 operating, the primary energizing 
path of this relay is opened while its secondary energiz 
ing path is closed, thus holding relay A6 in an operated 
state. 
When relay A6 operates, relay D31 is released as a 

result of the closing of make contact 1 of relay A6 in 
timing circuit T1. 

Referring to paths 1 and 2 of the supply circuit of the 
terminal of FIG. 1, it will be noted that path 1 includes 
a break contact while path 2 includes a make contact 
of a pair of early make-break contacts EMB2 of relay 
A6. Furthermore, it will be noted that path 2 includes 
a make contact 4 of relay A1. Contact 4 of relay A1 is 
in a closed condition at this time as a result of relay A1 
being operated. When relay A6 is operated, its early 
make-break contacts EMB2 open in path 1 and close in 
path 2. As a result of this action, modulator GM1 is again 
energized and the terminal of FIG. 1 transmits a carrier 
to the terminal of FIG. 2 because transmission in this 
direction is not impaired. 
When the carrier of the terminal of FIG. 1 is turned on, 

relay TF2 of the terminal of FIG. 2 releases because the 
transmission between the terminal of FIG. 1 and the 
terminal of FIG. 2 is not impaired. When relay TF2 
releases, its make contact 3 in the secondary energizing 
path of relay A7 is opened. Relay A7, however, is held 
operated as a result of closed contact 1 of relay CA2 in 
its primary energizing path. Further response to the car 
rier from the terminal of FIG. 1 is prevented until relay 
CA2 has completed its timing cycle. 

Approximately ten seconds after relay CA2 operates, 
relay DSZ operates and causes relay A11 and A12 to 
operate via their primary energizing paths. In a manner 
similar to that by which relays A5 and A6 of the terminal 
of FIG. 1 locked operated, these two relays lock op 
erated. Furthermore, when relay A12 is operated, relay 
D52 is released as a result of make contact 1 of relay A12 
in timing circuit T2 being closed. 
The operation of relay A12 produces another effect. 

Referring to the power supply circuit for the control 
equipment of the terminal of FIG. 2, it will be noted 
that path 1 includes a break contact 3 of relay A7 which 
contact is now in its open state and that path 2 includes 
a make contact 4 of relay A7 which contact is now in its 
closed state. Path 1 also includes a break contact while 
path 2 includes a make contact of a pair of early make 
break contacts EMB2 of relay A12. In view of this, when 
relay A12 is operated, path 2 is closed so that the carrier 
of the terminal of FIG. 2 is again turned on. The carrier 
of the terminal of FIG. 2 does not, however, get to the 
terminal of FIG. 1 because of the failure in transmission 
from the terminal of FIG. 2 to the terminal of FIG. 1. 
To summarize. each of the control equipments has 

thus far responded to a deviation in the output from its 
terminal’s receiving ampli?er to remove the terminal 
from service and to interrupt its carrier for approximate~ 
ly ten seconds. 

Section 1B 

About thirty seconds after relay CA1 is operated, re 
lay CA1 releases. (As mentioned previously, relays 
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CA1 and CA2 are thermal relays which take about two 
seconds to operate after being energized and about thirty 
seconds to release after being de-energized. Relays CA1 
and CA2 are de-cnergized shortly after operating as a 
result of relays A1 and A7 being operated.) When re 
lay CAI releases, the primary energizing path of relay 
A1 is opened but relay A1 remains operated via its sec 
ondary energizing path. Relay A1 is now conditioned 
to release when relay TF1 releases. 
About thirty seconds after relay CA2 is operated, it 

releases which causes relay A7 to release. (It will be 
noted that at this time the carrier from the terminal of 
FIG. 1 its being received by the terminal of FIG. 2. Re 
lay TF2 is therefore in its released state with its make 
contact 3 in the secondary energizing path of relay A7 in 
its open state. Relay A7 is therefore not held in an 
operated state by the secondary energizing path as is re 
lay A1 of the terminal of FIG. 1.) When relay A7 re 
leases, make contact 4 of relay A7 in path 2 of the power 
supply circuit is opened so that the carrier of the terminal 
of FIG. 2 is again turned off. Furthermore, when relay 
A7 releases, relay A10 is de-energized while relay A8 is 
held operated by its secondary energizing path. Relay 
A10 is a slow release relay which releases shortly after 
being de-energized. Path 3 of the power supply circuit 
of FIG. 2 includes a closed make contact 2 of relay A8 
and a break contact 1 of relay A10 which is closed when 
relay A10 releases. The carrier of the terminal of FIG. 
2 is therefore again turned on. This, however, still does 
not have any elfect on the terminal of FIG. 1 because the 
failure from the terminal of FIG. 2 to the terminal of 
FIG. 1 still exists. 
At the time :2, the gain of ampli?er HA1 has increased 

to the point where noise, crosstalk or other signals in its 
output cause the output of carrier recti?er CR1 to appear 
at the level at which it appears for normal carrier recep 
tion. At this time relay TF1 releases, which in turn 
causes relay A1 to release because of make contact 3 of 
relay TF1 in the secondary energizing path of relay A1. 
When relay A1 releases, relay A4 is de-energized because 
of the opening of make contact 5 of relay Al in its sec 
ondary energizing path. Relay A4 is, however, a slow 
release relay so it does not release until a short period 
after it has been de-energized. 
When relay A1 releases, its make contact 4 in path 2 

of the power supply circuit of FIG. 1 is opened and the 
carrier of the terminal of FIG. 1 is turned off. Shortly 
thereafter relay A4 releases which causes its break con 
tact 1 in path 3 of this power supply circuit to close. 
Path 3 also includes a closed make contact 2 of relay A2. 
As a result of the closing of the break contact 1 of relay 
A4, path 3 is closed and the carrier of the terminal of 
FIG. 1 is again turned on. 

In summary, the action descnibed in this section results 
in each tenminal producing a momentary interruption in 
its carrier wave when the output of the terminals receiver 
ampli?er approximates a normal output level subsequent 
to thirty seconds after the terminal has been removed 
from service. 

Section 1 C 

The momentary interruption of the carrier of the ter 
minal of FIG. 1 causes relay TF2 of the terminal of FIG. 
2 to be operated and released. When relay TF2 is oper 
ated, its break contact 4 in the secondary energizing path 
of relay A8 is opened which causes relay A8 to release 
and in turn its make contact 1, also in the secondary ener 
gizing path, to open. When, therefore, relay TF2 is 
again released, relay A8 remains in a released state. 
Furthermore, when relay A8 releases, its make contact 
3 in the secondary energizing path of relay A11 is opened 
so that relay A11 is tie-energized. Relay A11 is, how 
ever, a slow release relay so ‘that it does not release until 
a ‘short period after being de-energized. (The release 
time of relay A11 is greater than that of relay A10. 
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Although this greater release time is not required at this 
time, its purpose is explained subsequently with respect 
to the operation of its corresponding relay in the ter 
minal of FIG. 1.) 
The release of relay A8 causes its make contact 2 in 

path 3 of the power supply circuit of FIG. 2 to open so 
that the carrier of the terminal of FIG. 2 is turned off. 
When relay All releases shortly after the release of relay 
A8, break contact 1 of relay All in path 4 is closed. 
Make contact 3 of relay TC2 also inpath 4 is closed at 
this time. Path 4 is therefore closed and the carrier of 
the terminal of FIG. 2 is again turned on. This, how 
ever, does not affect the terminal of FIG. 1 because the 
failure in transmission from the terminal of FIG. 2 to 
the terminal of FIG. 1 still exists. 

At time t3 the fault is cleared and the carrier of the 
terminal of ‘FIG. 2 is received by the terminal of FIG. 
1. Because of the high gain of ampli?er RA1 at this 
time, carrier recti?er CR1 produces a large output signal 
which in turn causes relay LFl to release. When relay 
LFl releases, its break contact 2 in the tertiary energiz 
ing path of relay A1 causes relay A1 to operate while its 
make contact 3 in the secondary energizing path of re 
lay A3 causes relay A3, which is a slow release relay, to 
be de-energized. Relay A3 has a release time approxi 
mately equal to those of relays A4 and A10. The opera 
tion of relay A1 closes the primary energizing path of 
relay A2 ‘while the release of relay A3 opens its make con 
tact 1 in the secondary energizing path of relay A2. This 
is a conditioning operation so that relay A2 will release 
after relay A1 releases ‘at time L1. This feature will be 
better understood subsequently when the operation of the 
circuitry at time :4 is considered. Other than this condi 
tioning operation, nothing else occurs at either terminal at 
time is. 
At time t, the gain of ampli?er RA1 has been re 

established and the trunk is now ready to be put back into 
operation. At this time, relay LFl is caused to operate 
because the output from carrier recti?er CR1 has de 
creased to the output level occurring under normal trans 
mission. When relay LFI operates, relay A1 releases 
as a result of the tertiary energizing path of relay A1 
being opened. Furthermore, relay A2 releases because of 
the opening of the make contact of the early m'akebreak 
contacts EMBI of relay Al in the primary energizing path 
of relay A2. Relay TCl is no longer held operated by its 
primary energizing path because of the opening of the 
make contact of early make-break contacts EMBl of 
relay A2; relay TCl is, however, held operated by its sec 
ondary energizing path which includes its closed make 
contact 4 and the open break contact 5 of relay TF1. The 
release of relay A2 also opens its make contact 3 in the 
secondary energizing path of relay A5. Relay A5 is, 
however, a slow release relay so it does not immediately 
release. The release of relay A2 causes path 3 of the 
power supply circuit of FIG. 2 to be opened because of 
the make contact 2 of relay A2 in this path. When relay 
A5 releases, path 4 is closed as a result of the ciosing of 
break contact 1 of relay A5. The carrier of the terminal 
of FIG. 1 is therefore momentarily interrupted. 

In summary, the action described in this section results 
in each terminal producing another carrier wave inter 
ruption when the output of the receiver-ampli?er of the 
terminal decreases from one level to another level where 
one of the levels is substantially the previously mentioned 
predetermined level. 

Section 1D 

When the off-on carrier signal from the terminal of 
FIG. 1 is received by the terminal of FIG. 2, relay TF2 
is caused to operate and release. Opening break contact 
5 of relay TF2 in the secondary energizing path of relay 
TC2 causes relay TC2 to be de-energized. Relay TC2 is, 
however, a slow release relay having a slow release period 
which is less than the off duration of the carrier from 
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the terminal of FIG. 1. Relay TC2 therefor releases after 
a slow release period. 
When relay TC2 releases, its make contact 1 in the 

secondary energizing path of relay A9 opens so that relay 
A9 is de-energized. Relay A9 is also a slow release relay 
and, consequently, does not immediately release when it 
is de-energized. When relay A9 does release, it does 
not produce any effects within the system. (Referring to 
the discussion with respect to the corresponding relay A3 
during the consideration of the operation of the terminal 
of FIG. 1, it ‘will be seen that the purpose of these two 
relays is to perform a conditioning operation. When 
such a conditioning operation is performed, it is only per 
formed in one of the terminals with the actual terminal 
in which it is performed being determined by the direction 
in which the transmission failure occurs.) 
When relay TC2 releases, its make contact 5 in the 

secondary energizing path of relay A12 opens so that 
relay A12 is de~energized. Relay A12 is also a slow re 
lease relay. The slow release period of this relay is 
greater than that of relay TCl of the terminal of FIG. 1. 
The reason for this will become apparent shortly. 
When relay TC2 is released, its make contact 3 in 

path 4 of the power supply circuit is opened so that the 
carrier from the terminal of FIG. 2 is turned off, whereas 
when relay A12 is released its break contact of the early 
make-break pair EMB2 in path 1 of the power supply is 
closed so that the carrier from terminal 2 is again turned 
on. A carrier off-on signal is therefore transmitted to 
wards the terminal of FIG. 1 and, because the temporary 
failure has cleared at this time, this carrier off-on signal 
is received by the terminal of FIG. 1. 

The carrier off-on signal received at the terminal of 
FiG. 1 causes relay TF1 to operate and then release. 
Make contact 5 of relay TF1 in the secondary energizing 
path of relay TCl is therefore opened and closed. Relay 
TCl is a slow release relay. Its release period is, how 
ever, shorter than the period during which contact 5 of 
relay TF1 is opened. Relay TCI is therefore released. 

‘When relay TCl releases, relay A6 is de~energized. 
Relay A6 is a slow release relay and has a slow release 
period greater than that of relay TC2. 
When relay TCI releases, its make contact 3 in path 4 

of the power supply circuit of FIG. 1 is opened thereby 
causing the carrier of the terminal of FIG. 1 to be turned 
off. The release of relay A6 shortly thereafter causes 
the break contact of early make-break contacts EMBZ of 
relay A6 to be closed, thereby closing path 1 of the 
power supply circuit. The terminal of FIG. 1 therefore 
transmits another carrier off-on signal. 
The off-on carrier signal produced by the terminal of 

FIG. 1 is received by the terminal of FIG. 2 and causes 
relay TF2 to operate and release. Inasmuch as the time 
during which relay TF2 is operated is less than two sec 
onds, relay CA2 does not operate and, consequently, 
nothing else within the control equipment operates. 
As each terminal is put back into service when its TC 

relay releases, the terminals are now available for trans 
mission purposes between telephone system A and tele 
phone system B. 

In summary, the action produced in this section results 
in each terminal producing another carrier interruption 
and a reconnection of the terminal to service when the 
output of the receiver-ampli?er of the terminal changes 
from a level other than a normal output level to a normal 
output level. 

TRANSMISSION FAILURE OF A SECOND 
DURATION 

The operation of the disclosed embodiment of the in 
vention will now be described for a shorter term failure, 
that is one which is ‘greater than two seconds but less than 
thirty-four seconds. Although it may be helpful to refer 
to FIG. 3 when considering the following discussion, it 
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should be remembered that FIG. 3 refers to the opera 
tion of the embodiment for a much longer failure duration. 

Section 2A 

Because of the thirty second release time of relay CA1, 
the operation of the terminals during the ?rst thirty-two 
second is the same as for a long term failure described in 
Section IA with the exception that relay TF1 releases 
during this interval because of the clearance of the failure. 

Section 23 

When relay CA1 releases after thirty-two seconds, relay 
A1 also releases which in turn de-energizes relay A4 so 
this relay releases after its short release period. As a 
result of this action, path 2 of the power supply circuit of 
the terminal of FIG. 1 is opened and shortly thereafter 
path 3 of this circuit is closed, thereby sending an off-on 
carrier signal toward the terminal of FIG. 2. 

Although the terminal of FIG. 2 receives this off-on 
carrier signal and relay TF2 operates and releases, ‘this all 
occurs ‘before relay CA2 is released and in view of this 
no effect is produced at the terminal of FIG. 2. When, 
however, relay CA2 releases, relay A7 releases and after a 
short release period relay A10 releases. As a result of 
this action, path 2 of the terminal of FIG. 2 is opened 
and, shortly thereafter, path 3 is closed. This causes an 
off-on carrier signal to be transmitted to the terminal of 
FIG. 1. 

In summary, the action produced in this section results 
in each terminal producing a momentary interruption in 
its carrier wave when the output of the terminals’ receiver 
ampli?er approximates a normal output subsequent to 
thirty seconds after the terminal has been removed from 
service. 

Section 2C 

The off-on carrier signal received at the terminal of 
FIG. 1 causes relay TF1 to operate and release. When 
relay TF1 operates, relay A2 releases and after a short 
release period relay A5 releases. This results in the open 
ing of path 3 of the power supply circuit of the terminal 
of FIG. 1 and shortly thereafter the closing of path 4 of 
this circuit, thereby sending an oif-on carrier signal to the 
terminal of FIG. 2. 
The off-on carrier signal received at the terminal of 

FIG. 2 causes relay TF2 to operate and release. When 
relay TF2 operates, relay A8 releases and after a short 
release period greater than that of relay TCl, relay All 
releases. As a result of this action, path 3 of the power 
supply path of the terminal of FIG. 2 is opened and 
shortly thereafter path 4 of this circuit is closed, thereby 
producing an off-on carrier signal which is sent to the 
terminal of FIG. 1. 

In summary, therefore, the action described in this 
section results in each terminal producing another carrier 
wave interruption when the output of the receiver-ampli 
?er of the terminal decreases from one level to another 
level where one of the levels is substantially the previously 
mentioned predetermined level. 

Section 2D 

The ofI-on carrier signal received at the terminal of 
FIG. 1 causes relay TF1 to operate and release. When 
relay TF1 operates, relay TC1 is de-energized and, because 
this off-on carrier signal is greater in duration than the 
release time of relay TCl, relay TCl releases. This opens 
path 4 of the power supply circuit of the terminal of 
FIG. 1 and also tie-energizes relay A6. After a short 
release period relay A6 releases. This in turn clmes path 
1 of the power supply circuit of the terminal of FIG. 1 
and an olI-on carrier signal is sent to the terminal of 
FIG. 2. 
At the terminal of FIG. 2, this off-on carrier signal op 

erates and releases relay TF2, which tie-energizes relay 
TC2. Because the off-on carrier signal is greater in dura 
tion than the release time of relay TC2, relay TCZ releases. 
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This opens path 4 of the power supply circuit of the 
terminal of FIG. 2 and also de-energizes relay A12 which 
subsequently releases. When relay A12 releases, path 1 
of the power supply circuit is again closed and the carrier 
of the terminal of FIG. 2 is again turned on. 
The o-if-on carrier signal from the terminal of FIG. 2 

does not cause anything to occur at the terminal of FIG. 1 
other than the operation and release of the relay TF1. 
The release of relays TC1 and TCZ reconnects the ter 

minals so that they are once again available for trans 
mission purposes. 
As described in this section, each terminal produces 

another carrier interruption and a reconnection to service 
in response to the output of its receiver-ampli?er changing 
from a level other than a normal output level to a normal 
output level. 

TRANSMISSION FAILURE OF A THIRD‘ 
DURATION 

Now assume a short term failure that is greater than 
thirty-four seconds but not sui?ciently long for ampli?er 
RA1 to have its gain increased to the point where noise 
causes carrier recti?er CR1 to produce a normal trans 
mission level type of output. 

Section 3A 

The operation of the terminals for the ?rst thirty-two 
seconds is the same as for the previously described longer 
term failure in Section 1A. 

Section 3B 

About thirty seconds after relay CA1 is operated, relay 
CA1 releases and the primary energizing path of relay A1 
is opened. Relay A1, however, is held operated by its 
secondary energizing path. 
About thirty seconds after relay CA2 is operated, it 

releases which causes relay A7 to release. When relay 
A7 releases, relay A10- is de-energized and releases shortly 
thereafter. The release of relay A7 opens path 2 of the 
power supply circuit of FIG. 1 while the release of relay 
A10 closes path 3 of this circuit. The carrier otfm signal 
produced by this action does not get to the terminal of 
FIG. 2 because of the failure. 
When the failure clears, relay TF1 releases thereby 

opening the secondary energizing path of relay A1. As 
the gain of ampli?er RA1 has increased, relay LFl re 
leases, thereby closing the tertiary energizing path of 
relay A1. Relay A1 therefore remains operated. Relay 
A3 is de-energized when relay LFl releases and in turn 
releases after a slow release period. When the gain of 
ampli?er RA1 is readjusted, relay LFl operates, which 
causes relay A1 to release. When relay A1 releases, 
relay A4 releases after a short release period. This action 
causes path 2 of the power supply circuit of the terminal 
of FIG. 1 to open and shortly thereafter path 3 of this 
circuit to close, thus sending a carrier o?‘on signal to the 
terminal of FIG. 2. 
As described in the section, each terminal produces a 

momentary interruption in ‘its carrier wave when the out 
put of the terminal’s receiver-ampli?er approximates a 
normal output subsequent to thirty seconds a?ter the ter 
minal has been removed from service. 

Section 3C 

The carrier o?-on signal produced by the terminal of 
FIG. 1 is received by the terminal of FIG. 2. This signal 
causes relay TF2 to operate and release, which in turn 
causes relay A8 to release and after a short release period 
relay A11 to release. This action causes path 3 of the 
power supply circuit of the terminal of FIG. 2 to open and 
path 4 of this circuit to close, thus sending a carrier off-on 
signal to the terminal of FIG. ‘1. 
The last carrier off-on signal from the terminal of FIG. 

2 is received by the terminal of FIG. 1 and results in relay 
TF1 operating and releasing. The operation of relay TF1 
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causes relay A2 to release and after a short release period 
relay A5 to likewise release. This action results in open 
ing path 3 of the power supply circuit of the terminal of 
FIG. 1 and then, after a short period, the closing of path 
4 of this circuit. The opening of path 3 and the closing 
of path 4 results in the terminal sending a carrier off-on 
signal to the terminal of FIG. 2. 
The action described in this section results in each ter 

minal producing another carrier wave interruption when 
the output of the receiverampl-i?er of the terminal de 
creases from one level to another level where one of the 
levels is substantially the previously mentioned predeter 
mined level. 

Section 3D 

This latest carrier off-on signal is received by the ter 
minal of FIG. 2 and causes relay TF2 to operate and 
release, which in turn, after a short release period, causes 
relay TCZ and after another short release period relay 
A12 to both release. This action causes path 4 of the 
power supply circuit of the terminal of FIG. 2 to open and, 
shortly thereafter, path ‘1 of this circuit to close thus pro 
ducing a carrier off-on signal which is sent to the terminal 
of ‘FIG. 1. 
At the terminal of FIG. 1, relay TF1 again operates 

and releases. When relay TF1 operates and releases this 
time, relay TCl is de-energized and releases after a short 
release period while relay A6 is de-energized and releases 
after a short [release period. This action opens path 4 of 
the power supply circuit and, after a short interval, closes 
path I of this circuit, thus producing a carrier off-on signal 
which is transmitted to the terminal of FIG. 2. 

This latest carrier off-on signal produced by the ter~ 
minal of FIG. 1 when received by the terminal of FIG. 2 
causes relay TF2 to operate and release. The operation 
and release of this relay at this time, however, does not 
cause any action to take place in the terminal of FIG. 2. 
At this time both terminals are back in operation. 
As described in this section, each terminal produces an 

other carrietr interruption and 1a reconnection to service in 
response to the output of its receiver-ampli?er changing 
from a level other than ‘a normal output level to a normal 
output level. 

Transmission failures in the above descriptions of op 
eration were fro-m the terminal of FIG. 2 to the terminal 
of FIG. 1. It is believed to be apparent that the disclosed 
embodiment operates similarly for transmission failures 
from the terminal of FIG. 1 to the terminal of FIG. 2. 
The disclosed embodiment also responds to failures that 

occur simultaneously in both directions of transmission. 
The modes of operation for such failures are similar to the 
above-described modes of operation. 
Although only one embodiment of the invention has 

been described in detail, it is to ‘be understood that various 
other embodiments may be devised by those skilled in the 
art without departing from the spirit and scope of the 
invention. 
What is claimed is: 
l. A carrier wave communication system comprising 

?rst and second terminals, 
transmission means interconnecting said terminals, and 
?rst and second control means connected to said ?rst 
and second terminals, respectively, and responsive to 
carrier frequency cunrents in their respective receiving 
channels to disconnect said terminals from service in 
response to adverse trans-mission between said ter 
minals, each of said control means producing in order 
after said terminals are removed from service a ?rst 
momentary interruption of the carrier wave produced 
by its terminal in response to carrier frequency cur 
rents in the receiving channel of its terminal being 
substantially at the level of such currents under nor 
mal transmission conditions, a second momentary in 
terruption of the carrier wave produced by its ter 
minal in response to said carrier frequency currents 
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in its terminal decreasing from one level to another 
level where one of the levels is substantially said level 
under normal transmission conditions, and a third 
momentary interruption of the carrier wave of its ter 
minal and a reconnection of its terminal to service in 
response to said carrier frequency currents in its ter 
minal changing from a level other than said level 
under normal transmission conditions to said level 
under normal transmission conditions. 

2. A carrier wave communication system having ?rst 
and second terminals, each of said terminals comprising 
means responsive to adverse transmission between said 

terminals to disconnect the terminal from service 
and to interrupt for a predetermined interval the car 
rier wave produced by the terminal, 

means responsive, subsequent to said predetermined 
interval, to the carrier frequency currents in the re 
eeiving channel of the terminal being substantially 
at the level of such currents under normal trans 
mission conditions to produce a ?rst momentary in 
sterruption of the terminal carrier Wave, 

means responsive, subsequent to said ?rst momentary 
interruption, to said carrier frequency currents de 
creasing from one level to another level where one 
of these levels is substantially said level under nor 
mal transmission conditions to produce a second 
momentary interruption of the terminal carrier wave, 
and 

means responsive, subsequent to said second momen 
tary interruption, to said carrier frequency currents 
changing from a level other than said level under 
normal transmission conditions to said level under 
normal transmission conditions to produce a third 
momentary interruption of the terminal carrier wave 
and a reconnection of the terminal to service. 

3. A carrier wave communication system having ?rst 
and second terminals and transmission means connected 
between said terminals, each of said terminals compris 
ing 

means responsive to carrier wave frequency currents 
in the receiving channel of the terminal deviating 
from a predetermined level for a ?rst predetermined 
interval to disconnect the terminal from service and 
to interrupt for a second predetermined interval the 
carrier wave produced by the terminal, 

means responsive to said carrier frequency currents 
being substantially at said predetermined level sub 
sequent to said second predetermined interval to 
produce a ?rst momentary interruption of the ter 
minal carrier wave, 

means responsive, subsequent to said ?rst momentary 
carrier wave interruption, to said carrier frequency 
currents decreasing from one level to another level 
where one of these levels is substantially said pre 
determined level to produce a second momentary in 
terruption of the terminal carrier wave, and 

means responsive, subsequent to said second momentary 
carrier wave interruption, to said carrier frequency 
currents changing from a level other than said pre 
determined level to said predetermined level to pro 
duce a third momentary carrier wave interruption 
and a reconnection of the terminal to service. 

4. A carrier wave communication system having ?rst 
and second terminals and transmission means connected 
between said terminals, each of said terminals comprising 
means responsive to deviations of carrier frequency 

currents in the receiving channel of the terminal 
from a predetermined level for a predetermined in 
terval to disconnect the terminal from service and 
to interrupt for an interval at least equal to said 
predetermined interval the carrier wave produced by 
the terminal, 

means responsive subsequent to said predetermined in 
terval to changes in said carrier frequency currents 
from a level other than said predetermined level to 
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said predetermined level to produce a ?rst momen- and means responsive subsequent to said second mo 
tary interruption of the terminal carrier wave, mentary interruption of the terminal carrier wave to 

means responsive subsequent to said ?rst momentary changes in said carrier frequency currents from a 
interruption of the terminal carrier wave to changes level other than said predetermined level to said 
in said carrier frequency currents from one level to 5 predetermined level to produce a third momentary 
a lower level where one of these levels is substan- carrier wave interruption and a reconnection of the 
tially said predetermined level to produce a second terminal to servioe. 
momentary interruption of the terminal carrier 
wave, No references cited. 


